Changes in magnetic parameters of nickel zinc ferrite ͑NZF͒ ceramics have been monitored in situ during microwave H heating using an indigenous technique developed in the laboratory. The technique utilizes the concept based on combining a small measurement signal with a high power-processing signal, which permits a study on materials heated either in an electric or in a magnetic field of a TM 103 single mode cavity. Microwave attenuation and subsequent heat generation inside a lossy dielectric material are well known.
Changes in magnetic parameters of nickel zinc ferrite ͑NZF͒ ceramics have been monitored in situ during microwave H heating using an indigenous technique developed in the laboratory. The technique utilizes the concept based on combining a small measurement signal with a high power-processing signal, which permits a study on materials heated either in an electric or in a magnetic field of a TM 103 Microwave attenuation and subsequent heat generation inside a lossy dielectric material are well known.
1-3 Until recently, it was believed that dielectric permittivity and dielectric loss factor were the critical factors for material heating in a microwave field. While the coupling of electrical field component E of the electromagnetic energy has been discussed widely, the effect of the magnetic field component H, has been discussed only to a lesser extent. It has recently been demonstrated that the H component of microwaves can interact strongly with some selected materials. 4, 5 In the modified power absorption equation,
o and o are dielectric and magnetic permeabilities of free space, r Ј and r Ј are the real part of the dielectric and magnetic permeabilities, and tan ␦ and tan are the dielectric and magnetic loss factor values. All the variables in the above equation are quite sensitive to temperature.
In recent years, several experiments have been carried out in nearly pure E and H regions of the TE 103 single mode cavity. These experiments revealed that the ceramic oxides with strong ferromagnetic behavior could couple efficiently in the H to undergo decrystallization. 6 Hence, the decrystallization phenomenon is not only interesting from the scientific perspective but it has a great significance from the technological standpoint also. As suggested in one of our earlier publications, "magnetic tuning" is one potential application of ferromagnetic materials decrystallization. To understand this phenomenon in a detailed fashion, an in situ study during the transformation process becomes essential.
In this letter, an experimental technique to probe changes in the electrical/magnetic parameters during microwave heating is discussed. Different roles of E and H can be established by placing the specimen either in an E max or H max positions of the processor cavity. 4 For investigation at elevated temperatures, the proposed technique combines a low power ͑mW͒ microwave signal of frequency ϳ3.4 GHz with a 2.45 GHz processing signal of high power ͑0.5-1 kW͒ inside the processing unit. The use of higher frequency for measurement enables complete decoupling of high power microwave signal from low power measurement signal-an essential feature to avoid damage to the measurement equipment ͑microwave network analyzer HP 8753E in the present case͒. Earlier, the same authors have reported first set of observations using this kind of technique 7 in which, the following problems were encountered: ͑i͒ the coupling probes in the electric field would heat up and burn, and ͑ii͒ the microwave power control in the cavity was rather poor.
In this work, a modified probe setup containing a magnetic loop coupling was used, which was free from heating or burning. In addition to that the power generation system, capable of delivering power with a much better control, was also changed.
The experimental setup is shown in Fig. 1 . The processing unit, single mode ͑TE 103 ͒ cavity, and the E or H heating of samples have been fully described in few other publications from this group. 5, 8 A microwave measurement signal of 3.4 GHz from the microwave network analyzer is coupled to the processor cavity A through a C band ͑WR187͒ waveguide, C1, and a coaxial cable B1 ͑50 ⍀, semiflexible͒. The coaxial cable end is bent in loop format ͑ ϳ 2 mm͒, and placed at the maximum magnetic field ͑H͒ position inside the processor cavity. The 3.4 GHz signal excites TE 105 mode inside the processor cavity. The measurement signal is returned to the detector port 2 of the network analyzer through a͒ Author to whom correspondence should be addressed; present address: Disruptive Technologies Group, DANA Corporation, 2910 Waterview Drive, Rochester Hills, MI 48309; electronic mail: ramesh.peelamedu@dana.com C band waveguide, C2, and cable B2 through a loop placed symmetrically in the processor cavity ͑see Fig. 1͒ . D1 and D2 are the coaxial cables of the network analyzer. The high power-processing signal is kept away from coupling to the network analyzer by the use of C band waveguides ͑C1 and C2͒, for which, the cutoff frequency is 3.15 GHz, and 2.45 GHz high power signal is prohibited from propagation. The procedures for the measurements of the dielectric parameters using the cavity perturbation method may now be adopted. 8 The specimen is a cylindrical pellet of 6 mm diameter and 2 mm thickness placed inside the quartz tube, which is inserted into the cavity through the perforation on the side walls of cavity. Prior to the H experiments, all the samples were presintered in a conventional furnace and their densities were close to the theoretical values. When the high power microwaves couple to the specimen, the corresponding rise in temperature is recorded by the pyrometer focused through one side of the open end. The changes in resonance frequency and half power width of the resonance peak of TE 105 mode are recorded till a maximum temperature is reached. Since the specimen is extremely small as compared to the cavity volume and also the energy absorbed by the specimen is small, the validity conditions for a cavity perturbation method are not violated.
The standard equations used in cavity perturbation technique may be used 9 for the calculation of dielectric parameters. The changes in the permittivity with temperature can be expressed as
͑3͒
in which, ⌬f r ͑T͒ is the shift in the resonance frequency at measurement temperature T, f r ͑T 0 ͒, is the resonance frequency at room temperature, and Q is the quality factor. V c and V s are the cavity and sample volumes, respectively. Similar expressions may be written for complex permeability terms, which are not described in this section.
Fully sintered nickel ferrite and nickel zinc ferrite compositions were used in all measurements. The ferrite pellet that was placed inside the quartz tube lies at H max position in the processor cavity. The resonance peak at ϳ3.4 GHz for the TE 105 mode was located and magnified on the network analyzer screen for accurate measurements. Shift in resonance frequency ͑⌬f r ͒ and change in 3 dB bandwidth ͑⌬ 3 dB ͒ as a function of specimen temperature ͑T͒ were recorded. When the ferrite specimen lies in the H max position, the shift in resonance frequency is directly proportional to the change in the real part of permeability Ј, and the change in the 3 dB bandwidth is proportional to the change in the loss factor, tan . 
